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ABSTRACT 
Health risk due to RF radiation exposure from base station tower (BST) has been debated for 
years leading to public concerns. Thus, this preliminary study aims to measure, evaluate and 
analyze the exposure level on three selected BST around Kuala Nerus. The measurement of 
exposure level in terms of voltage amplitude (dBmV) data were recorded using spectrum 
analyzer. The trend of exposure level shows that the characteristics of environment around the 
BST sites contribute to the variation of voltage amplitude for all study sites. Besides, the 
radiation exposure level of BST depends on several factors such as: the distance from the 
radiation sources, the height of the tower, tilt and direction of the antennas fixed on the top of 
the tower, the number of antennas on single tower, the type of radiation pattern, the direction 
of main beam of radiation, the feeding power and the operating frequency.  
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1. INTRODUCTION 
Nowadays, worldwide communication system shown more advanced and sophisticated with 
various technologies. Furthermore, with this borderless world situations make people 
nowadays feel that the communication system is a very important asset to enable them to 
communicate with each other without the constraints of time and place. 
Therefore, the rapid development of telecommunication systems have occurred around the 
world in line with the advancement of the world especially in developing countries [1]. The 
development of the telecommunications system has led to an increase of the use of mobile 
phones and also the installation of mobile phone base station everywhere that act as a 
communication medium for people to communicate with each other around the world [2-3]. 
With the mobile phone base station tower mounted closer to each other with high transmitting 
power, mobile phone be able to transmit and receive enough signal for the high quality 
coverage of communication up to several kilometers [2-4]. 
The exposure level from BST reaches its maximum when the number of users increasing and 
causing the full capacity of the base station is reached [2, 5]. When someone starts to make a 
call, the Radiofrequency (RF) signals to be transmitted to the nearest base station then routed 
to another base station which is nearest to the call receiver. Enough power will be transmitted 
so that the signal can be delivered and accepted by another base station [2]. 
Radiofrequency (RF) which is defined as the part of electromagnetic spectrum occupy the 
frequency range 3 kHz to 300 GHz [6-8]. Electromagnetic Field (EMF) is an important 
medium for carrying signals that can be voice, data or image form which propagate at the 
speed of light is emitted from a specific source to the desired recipients [9]. 
However, there are rumours that the construction of base station tower has caused public 
concern about the possibility of negative effects because of electromagnetic radiation 
(EMR)emitted from the base station antenna. In many countries, the high exposure levels 
were found in the vicinity of base stations [10] and the people living within the radius up to 
10 m from the tower will receive 10,000 to 10,000,000 times stronger signal than required for 
mobile communication [11]. 
For example in Nigeria, there is a public concern on this issue when there are thousands of 
BST have been erected in the vicinity of residential areas [12]. 
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Therefore, as a step to prevent negative effects on human health, International Commission on 
Non-Ionizing Radiation Protection (ICNIRP) as an international organization provides 
guidance on the health and environmental effects of (non-ionizing radiation) NIR to protect 
people and the environment from detrimental NIR exposure besides established responsible 
for the development guidelines of NIR exposure limits for the general public and workers 
[13]. 
Many researchers have conducted studies to determine the level of EM field around BST to 
ensure does not exceed the limit guidelines. There are also researchers who conducted this 
study to determine the safety distance should be recommended as a guide for the development 
of residential areas and suitable for human activities. Such research is also supported by [10] 
who thought that a study on electromagnetic fields radiated from cellular phone base station 
antennas is very crucial to take precautions for human health. Hence, there is a study was 
conducted in Nigeria as a step to determine whether the level of EMF meet the standards have 
been established by ICNIRP [12]. Furthermore, many recent studies have focused on 
measurement and assessment of electric field strength (E) levels and there is a study carried 
out the measurements at various places near the cell towers inside residential areas in Kirkuk, 
Iraq and found that the radiation levels were above the recommended values [1, 14-19]. 
The main aim of the project is to measure and evaluate the RF EMF exposure in voltage 
amplitude reading from selected base station tower (BST) besides to identify the sources 
exists around the area study. 
 
2. METHODOLOGY 
In this study, the measurements of electric field strength has been conducted at three different 
base station tower sites around Kuala Nerus, Terengganu. One of the base station tower 
selected is near to the Universiti Sultan ZainalAbidin named BST1, which represents as 
sub-urban environment and another two base station tower are located in villages and nearer 
to the BatuRakit beach named BST2 and BST3 respectively which represent as rural 
environment. Furthermore, there are another five BST are located near to the beach of 
BatuRakit. 
The measurements were performed at distances 50 m to about 500 m in the vicinity of the 
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BST by standardize the data retrieval time from 10 am until 2 pm but on the different day. The 
measurement equipment consist of spectral analyser (model) connected to a directional 
receiving antenna was setup on the ground at every distance during 10 minutes at 1 second 
intervals and repeated for each site. 
The exposure level in readings of voltage amplitude detected by spectrum analyser was 
recorded in decibel-millivolts (dBmV). 
 
3. RESULTS AND DISCUSSION  
In this study, there are two types of analysis that will be discussed. First, to determine the 
frequency sourced from BST for study sites named BST 1, BST 2 and BST 3. Second, to 
study the trend of exposure level in the measured of voltage amplitude related to the 
separation distance between BST and observation site. Besides, the factors that influenced the 
trend of the exposure level also taken into account. 
First analysis was conducted to identify the frequency exist on spectrum readings and 
determine the sources available around the study area. Since focus of this research is to study 
the radiation pattern of source from the BST at various distances, so this analysis is to identify 
in advance the transmitted frequency source. 
 
Fig.1. Measured voltage amplitude 
The measured voltage amplitude for the three study sites between frequency range 0.0675 
GHz up to 3.08 GHz are shown in Fig.1. Based on the Fig.1, the frequency peaks that exist 
shows that there are many sources of radiation around the study area. Table 1 indicates the 
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source of the highest frequency peaks for each study area that have been identify by referring 
to the Malaysian Communications and Multimedia Commission (MCMC) Allocation 
Spectrum Plan 2014 [20]. 
Table 1.The highest frequency sourced from each BST sites 
Sites Frequency Sources 
BST 1 
945 MHz Mobile (GSM and IMT) and broadcasting 
1800 MHz Mobile (GSM and IMT) 
1867.5 Mobile (GSM and IMT) 
2137.5 Mobile (IMT) 
BST 2 
405 MHz Mobile 
877.5 MHz Mobile (IMT) and broadcasting 
945 MHz Mobile and broadcasting 
1800 MHz Mobile (GSM and IMT) 
2160 MHz Mobile (IMT) 
2340 MHz Mobile 
BST 3 
405 MHz Mobile 
877.5 MHz Mobile (IMT) and broadcasting 
945 MHz Mobile and broadcasting 
 1845 MHz Mobile (GSM and IMT) 
 2137.5 MHz Mobile (IMT) 
It was found that all the highest frequency peaks are sourced from BST that have been studied. 
The frequency was chosen not only because they have the highest high VA readings among 








S. N. Hazmin et al.            J Fundam Appl Sci. 2017, 9(5S), 367-380            372 
Table 2. The highest frequency sourced from each BST sites 
Sites Frequency 
(MHz) 
Voltage Amplitude (dBmV) Difference 
Value 
Average 
Difference Maximum Minimum 
BST 1 945 -63.89 -133.61 69.73 63.27 
1800 -68.92 -131.05 62.13 
1867.5 -73.44 -131.21 57.77 
2137.5 -67.26 -130.72 63.46 
BST 2 405 -66.00 -86.41 20.41 20.39 
877.5 -84.75 -107.55 22.80 
945 -64.95 -95.11 30.15 
1800 -64.36 -89.81 25.45 
2160 -84.52 -100.76 16.24 
2340 -110.28 -117.54 7.27 
BST 3 405 -81.68 -102.43 20.75 23.97 
877.5 -95.18 -121.55 26.38 
945 -77.02 -105.34 28.32 
1845 -66.91 -92.05 25.14 
2137.5 -78.46 -97.70 19.24 
Table above summarizes the difference value between maximum and minimum voltage 
amplitude measured for the highest frequencies selected from the three sites. 
Based on the table above, the average difference BST 1 is higher at 63.27 and followed by 
BST 2 and BST 3 which 23.97 and 20.39 respectively. This due to the area BST 1 is denser 
compared to the area BST 2 and BST 3. This is because BST 1 is close to the two universities, 
busy roads, residential areas and shops while the BST 2 and BST 3 are located in rural areas 
and less of human activities. In addition, other factors that affect the value of voltage 
amplitude of high frequency peaks measured is either the number of users that access from the 
source or that source is close to the position of measurement instrument that have been set up. 
 
 


















Fig.3. Exposure value of different highest frequencies of BST 2 in various distances 
 
Fig.4. Exposure value of different highest frequencies of BST 3 in various distances 
Fig. 2, Fig. 3 and Fig. 4 show various trend of exposure value of different highest frequencies 
for the three study sites. From the figures, it can be said that all the three sites have the same 
highest frequency of 945 MHz. BST 1 and BST 2 also BST 1 and BST 3 have the same 
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frequency of 2137.5 MHz and 1800 MHz respectively. Whereas, BST 2 and BST 3 share two 
frequencies 877.5 MHz and 945 MHz. 
Obviously, in overall frequency of 945 MHz has the highest voltage amplitude value among 
of the highest for all sites. This may be the radiofrequency signal for the frequency to be 
transmitted at very high power. 
Meanwhile, if a frequency peak has the highest exposure value for all distance as happens at 
the site BST 1, it means that power is transmitted from the source frequency is high compared 
to other sources. This is because, the higher the transmitted power causes the further the 
distance is taken for the attenuation to occur. The feeding power and the operating frequency. 
The higher the power transmitted from BST resulted the higher the exposure level [21-23]. 
According to the figure shown, the reading of VA are fluctuated at the various distance as a 
result according to the number of calls. Moreover, there are so many factors that probably 
influence the level of voltage amplitude such as: the distance from the radiation sources, main 
beam direction which is depends on the tilt and the direction of antennas on top of the BST, 
height of the BST and antenna installation, LOS path, feeding power and the operating 
frequency [21-23]. 
Fig.5. Average of the highest frequencies exposure value of BST 1 
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Fig.6. Average of the highest frequencies exposure value of BST 2 
 
Fig.7. Average of the highest frequencies exposure value of BST 3 
According to the Fig. 5, Fig. 6 and Fig. 7, at a distance of 50 m, BST 1 shows the increase in 
the reading up to a distance of 150 m and beginning to decline at a distance of 250 m. 
Likewise in BST 2, the reading be enhanced at the beginning of distance 50 m up to 100 m 
but began to decline until the distance of 150 m. Whereas, for BST 3, the reading voltage 
amplitude decreases gradually at a rather long distance ranging from 50 m to 250 m. 
The distinctiveness of trends because of tilt degree of antennas are differences and the main 
beam direction for all BSTs are differ. However, clearly BST 2 and BST 3 shows a decline in 
the reading when the further the distance. Thus, it can be agreed that the further the distance 
from the source of exposure, the lower the exposure level. 
But there is a difference in the pattern shown in Fig. 5, which shows the further the distance, 
the increasing amplitude of voltage readings. This may be influenced by other factors such as 
the height BST. 
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Table 3. Average difference between maximum and minimum voltage amplitude 
Sites Height of Tower (m) Average Voltage Amplitude  
of Highest Frequencies (dBmV) 
BST 1 46.60 -74.74 
BST 2 85.34 -84.55 
BST 3 86.94 -84.88 
The data that is shown in the Table 3 are the average voltage amplitude and the height of BST 
for each site were recorded. 
The data obtained clearly show that BST height affect the readings voltage amplitude where 
found that average voltage amplitude of BST 1 is the highest compared to other sites, while 
the average voltage amplitude of BST 3 is the lowest. This can be proven because of the 
height BST 1 is the lowest, followed BST 2 and BST 3. 
The trend of measurement obtained from BST 2 and BST 3 are quite similar where show the 
fluctuated trend. This is due to the similarity of environment classification for both site. The 
condition of environment that surrounded by trees, a small forest, small hills and village 
houses The sudden decrease significantly at a distance of 250 m to 300 m and 50 m to 200 m 
for BST 2 and BST 3 respectively. Thus show that at the distance signal propagate does not 
travel in LOS path. The attenuation of exposure level descends gradually when 
anyobstructions appear and cause reflection, diffraction and diffusion by the physical objects 
to occur [22, 24]. 
Studies showed that the NIR exposure has possible effects on human health which is not only 
can cause health effects such headaches, insomnia, dermatitis, miscarriage, effects on 
reproductive system but the most intimidate part is it may trigger and activate cancer cell 
[25]-[26]. 
The base station tower (BST) erected close to residential areas to provide high quality 
coverage in the context of Quality of Service (QoS) [2, 27] is one of the most worrying source 
of exposure and it may give off radiation at higher power levels compared to the other types 
of land-mobile antennas [8]. Therefore, mobile phone user especially by residents nearby 
were exposed to the both radiation sources (base station and mobile phone) at once [17] 
radiation in a long period as both of these sources are close to them.By conducting this 
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measurement, an initial overview of the exposure from BST in the study area at different 
distances can provided. 
 
4. CONCLUSION  
The main aim of the project is to measure and evaluate the RF EMF exposure in voltage 
amplitude reading from selected base station tower (BST). The measurements have been 
conducted on three selected communication towers and the results obtained are analyzed and 
compared. Before that, the frequency sources from data obtained by spectral analyser were 
determined referring to the MCMC. It can be concluded that RF signal strength emitted from 
the BST influenced by many factors such the main beam direction which is depends on the tilt 
and the direction of antennas on top of the BST, height of the antenna and BST installation, 
distance from the radiation sources and also the number of antennas. In addition, line of sight 
(LOS) path also is one of the factors that influences the exposure level caused by the 
existence of obstruction consisting of physical objects were not only may exist as buildings 
but also trees, foliages, hills or mountains along the receiver and communication tower [30] 
along the signal propagation. When signals do not travel in LOS path, the signal strength 
which associated to the exposure level will be lower than signals which travel in LOS path. 
Therefore, the factors mentioned is very crucial to take into account in this study. As a future 
study, the comparison between the exposure level measurement and the ICNIRP guidelines of 
NIR exposure limits for the general public should be done. Besides, from the NIR exposure 
obtained, a spatial model or map of ambient NIR exposure level can developed using GIS 
software to get clearer view of exposure at certain places. 
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